Elevated systolic blood pressure (BP) and hypertension leads to more deaths worldwide than any other risk factor. 1 Global Burden of Disease study has reported that elevated systolic BP accounts for 7.0% of disability adjusted life years and 9.4 million annual deaths in the world. 2 It is an important public health problem in South Asian countries and is the second-most important risk factor for disease burden as well as mortality. 3 Surveys have reported that hypertension is present in 20-30% of adults in this region. [4] [5] [6] Adequate control of hypertension is crucial to prevent its cardiovascular complications. 7 Besides availability and intake of medicines, effective hypertension treatment and control is dependent on multiple factors. These include macro-level societal factors (e.g., lack of social policies, poor economics), health-systems-related factors (lack of 
national program, poor availability of care, limited access to care and uneven quality, lack of insurance and high costs), physician-related factors (availability, knowledge, costs, lack of guidelines, physician inertia, etc.), and patient-related factors (e.g., social gradient, stress, social exclusion, improper working conditions, lack of social support, addictions including tobacco and alcohol, food scarcity, access and uneven distribution, and low educational status). 8, 9 There are limited studies in low and low-middle income countries that have evaluated association of patient level socioeconomic factors such as household wealth, educational status, and other social factors with hypertension awareness, treatment, and control. 4, 6, [8] [9] [10] [11] [12] [13] [14] In the Prospective Urban Rural Epidemiology (PURE) study, we reported that hypertension prevalence is high in low and lower-middle income countries but awareness, treatment, and control of hypertension was low in these countries compared to high-income and upper-middle income countries. 15 Within South Asia there are limited data on awareness, treatment, and control of hypertension other than in India. 5, 6 Such data are necessary to inform policies aimed at improving hypertension management in the region. By using consistent methods of data collection across sites in South Asia, PURE is uniquely positioned to compare variations in hypertension prevalence, awareness, treatment, and control across this region. Moreover, PURE provides the opportunity to examine social determinants of hypertension treatment and control, which have not been studied in the South Asian region. Given the national health budgetary constraints in countries of this region, it is crucial to determine whether investments in either improving educational status or economic status (wealth) of people or creating a stronger social support systems are important to tackle this public health problem. In the PURE study, we systematically obtained data on multiple socioeconomic factors and in the present report we evaluated importance of household wealth as it may relate to affordability of BP medicines and greater treatment and control; educational status as it may relate to awareness of risk factors and health literacy and so could lead to better BP control. Further, better social capital (in the form of participation or membership in social organizations and activities) may reflect greater family and social support and access to chronic care. The present study aims to examine variations in hypertension prevalence and awareness as well as its management and control in the region. We have also evaluated whether household wealth, educational status, or social factors (measured by social capital index) are associated with better treatment and control.
METHODS
PURE is a prospective cohort study conducted in urban and rural locations in 628 communities in 17 countries in Asia, Africa, Europe, North and South America. Details of methods have been published. 15, 16 Baseline surveys were performed between the years 2003 and 2009. In South Asian countries, 132,841 individuals of all ages across the 150 communities were enumerated. Of these 50,279 individuals were between 35 and 70 years and eligible and 33,423 (67%) agreed to participate. Other details of sampling have been reported earlier. 16 The institutional ethics committee at each of the participating centers approved the study. Written informed consent was obtained from each participant. To ensure standardization and data quality, we used a comprehensive operations manual and periodical training workshops, training digital videos, and regular communication with study personnel. All data were entered in a customized database programmed with range and consistency checks and transmitted electronically to the project office at the Population Health Research Institute, McMaster University, Hamilton, Canada, for quality checks.
For the present study, we included all 33,423 eligible and consenting subjects (men 14,769, 44.2%, women 18,654, 55.8%) from 150 communities (70 urban, 80 rural) at 7 urban and rural locations in 3 South Asian countries (India, Bangladesh, Pakistan) (Table 1) . 17 All these countries were classified as lowincome by the World Bank when the studies began. A house list that included all the residents in a particular community/ location was prepared. All the participants living in that household who were listed were approached and demographic data obtained for all adults, 35-70 years, who were eligible for participation. The sociological and demographic characteristics of individuals who participated in the PURE study were generally similar with the national data and there was a good concordance between the PURE household population and the national age, sex, urban/rural, education, and mortality profiles in South Asian countries. 16 Data regarding multiple social, demographic factors, and details of pre-existing disease conditions and treatments were obtained during house-to-house surveys and interviewer-administered questionnaire. 17 Apart from demographic history, details of socioeconomic status based on educational status and years of formal education and occupational class were acquired. Family household wealth data were obtained as below. A wealth index was calculated for each individual. This index is based on possession by the household of 14 assets and land and has been reported earlier. 17 In brief, this index was created using information collected on household possession from the PURE baseline household questionnaire. The items included: electricity, car, computer, television, motorbike, livestock, fridge, other 4 wheelers, washing machine, stereo, bicycle, kitchen processor, telephone, land, and kitchen window. A binary classification of yes or no was created for each item for each person and then a principal components analysis was used to extract the factor with the largest Eigen value to provide different weights for each variable. 17 Social capital index was calculated using questions that inquired about various social factors. These questions included those on family size, family structure, housing type, as well as questions on social support (e.g., membership of community groups, self-help groups, and intra-family communication). Principal component analysis was performed to derive the index as reported below.
Anthropometric and biochemical measurements were performed using standardized methodology as reported earlier. 15, 17 History of cardiovascular and other diseases, hypertension, diabetes, and other chronic diseases was obtained from every participant with use of a standardized questionnaire. Physical examination focused on measurement of height with a stadiometer and measurement of weight using calibrated spring weighing machines; waist and hip diameters were measured with spring-loaded tape measures, and sitting BP was measured after at least 5 minutes of rest, using BP Omron HEM-757 instruments (Omron Healthcare, Lake Forest, IL). Three readings were obtained and mean of the last 2 readings were averaged for the data analysis. 15 
Statistical analyses
Household level wealth index was calculated as in previously published report from the PURE study. 17 This index was created using information collected on household possession from the PURE baseline household questionnaire reported above. Participants were classified into thirds of wealth index into low, middle, and high. Education was categorized as high (trade school, college, or university); medium (secondary school or high school), low (primary education or no education), or unknown as reported in the earlier studies. 15 Social capital index was calculated by principal component analysis using a previously validated methodology. 18, 19 Variables used (n = 12) in the principal component analysis are shown in Supplementary Table 1 . Eigen values obtained from the analysis and correlation matrix from these variables is shown in Supplementary Table 2. Eigen vector or factor loadings related to the first principal component that was used to construct the score is provided in Supplementary   Table 3 . Using this score, the variance explained was 2.37 or about 20%. An alternate approach for calculation of social capital index is a sum-of-score approach. 19 As this approach produced similar results to the principal component analysis, we retained the latter for social capital index. Moreover, we used similar approach for calculation of wealth index. Data on all social questions were not available for every South Asian participant because these questions were added after about 20,000 participants had been recruited. Details were available in 11,780 participants (men 5,091, women 6,689), and the index was derived for only these study participants. The participants were grouped into thirds of low, medium, or high social capital index.
The main hypertension definition used in this article was individuals who reported having hypertension and receiving BP-lowering treatment or those who had an average systolic BP of at least 140 mm Hg, an average diastolic BP of at least 90 mm Hg, as previously reported). 15 Awareness of hypertension was defined as proportion of patients with raised BP (≥140 mm Hg systolic and/or ≥90 mm Hg diastolic) who were previously diagnosed and aware of hypertension. Treatment was defined as proportion of all patients who were on BP-lowering medicines out of all those with hypertension (aware or unaware). Control was the proportion of participants with hypertension who had BP of <140/90 mm Hg. Descriptive statistics are reported for baseline characteristics, hypertension awareness, treatment, and control. Hypertension awareness, treatment, and control were also stratified by regions within India and countries in South Asia. The prevalence of hypertension, awareness, treatment, and control has also been stratified by residence (urban/rural), age (old/young), and sex (men/women). Determinants of hypertension treatment and control have been examined using multilevel modeling (generalized linear models). The list of each variable that was included for each multilevel model is summarized in results section. For assessment of relative quality of various unadjusted and adjusted logistic regression models, we determined akaike information criterion for measures of hypertension prevalence, treatment, and control. We also determined C statistic for each. All the statistical analyses were done with the SAS version 9.2. P values <0.05 were considered significant.
RESULTS
We recruited 33,423 subjects aged 35 to 70 years in 150 urban and rural communities in India (n = 28,747; 86.0%), Pakistan (n = 1,742; 5.2%), and Bangladesh (n = 2,934; 8.8%) during the years 2003-2009. Number of participants from each study site is shown in Table 1 . Women comprised 55.8% of the study participants and 52.6% participants were from rural locations. Mean age of study participants at recruitment was 48.3 ± 10.3 years, systolic BP was 126.0 ± 21.3 mm Hg, and diastolic BP was 80.2 ± 12.9 mm Hg (Table 1) . Unadjusted prevalence of hypertension was 31.6% and was almost similar in men (31.8%) and women (31.4%). Ageand location-adjusted prevalence was in men 31.5% (95% confidence intervals 23.9-40.2%) and in women was 32.6% (24.9-41.5%).
Age-specific prevalence of hypertension in men and women (in whom all the study variables were available) is shown in Table 2 . There is a significant increase in its prevalence with increasing age (X 2 for trend P < 0.001). There were significant variations in prevalence of hypertension at different sites in South Asia ranging from a low of 17.9% at Bangalore and high of 48.5% at Chandigarh (Table 1) . Prevalence of hypertension in rural and urban locations at all the sites at the 7 study sites is shown in Figure 1 . Although the hypertension prevalence, overall, was significantly greater in urban locations (unadjusted 38.7%, age-adjusted 38.6%, confidence intervals 30.0-47.9%) compared to the rural (unadjusted 24.9%, age-adjusted 26.3%, confidence intervals 19.6-34.4%) (P < 0.01), this trend was not present at Trivandrum (Kerala) and Dhaka (Bangladesh) where hypertension was more common in rural than urban populations (Figure 1 ).
Of those with hypertension, 40.4% (range 22.9-53.5%) were aware that they had the condition, 31.9% (range 9.5-43.3%) were treated, and 12.9% were controlled (range 3.2-17.6%). The hypertension awareness, treatment, and control at different study sites are shown in Figure 2 . Although significant variations are observed at different study sites, overall the level of awareness and treatment is low and controlled hypertension is in less than 20%. Hypertension awareness, treatment, and control were significantly greater in urban as compared to rural participants (Figure 3) . In urban vs. rural participants, awareness was in 45.9 vs. 32.5%, treatment in 37.6 vs. 23.6% and control in 15.4 vs. 9.3% (P < 0.001). In men, compared to women, there was lower hypertension awareness (37.1 vs. 43.0%), treatment (30.4 vs. 33.1%), and control (12.3 vs. 13.4%) (P < 0.01). Older participants were significantly more aware that they had hypertension (46.5 vs. 31.2%) and were more often treated (38.3 vs. 22.2%) and controlled (14.0 vs. 11.3%) (P < 0.001).
We evaluated the associations of three socioeconomic variables-household wealth index, educational status, and social capital index-with hypertension prevalence, awareness, treatment, and control. Prevalence of hypertension was significantly lower in low wealth index group (17.0%) as compared to medium (32.7%) and high (44.0%) (P < 0.001). Hypertension awareness, treatment, and control, respectively, was also significantly lower in low wealth index group (26.2, 16.9, and 6.5%) as compared to medium (38.6, 29.4, and 12.6%) and high wealth index groups (50.6, 44.1, and 17.3%) (P < 0.001 for all) (Figure 4a ). Prevalence of hypertension was significantly lower in low educational status group (27.2%), compared to medium (34.7%) and high educational status (39.0%) groups (P < 0.001). Hypertension awareness, treatment, and control, respectively, were significantly lower in low educational status group (31.2, 21.8, and 7.8%) as compared to medium (46.8, 38.2, and 15.6%) and high educational status groups (48.4, 42.1, and 19.2%) (P < 0.001 for all) (Figure 4b ). Hypertension prevalence was greater in low (46.4%) and medium (37.4%) social index groups compared to high social index group (33.6%, P < 0.001). However, no significant trends were observed for hypertension, treatment, and control among low, medium, and high social index groups (Figure 4c) . In low, middle, and high social capital groups, respectively, hypertension awareness (38.2, 42.5, and 36.1%), treatment (35.1, 36.1, and 27.8%), or control (12.5, 15.4%, 9.1) showed no significant trends (Figure 4c ).
To determine relative importance of educational status vs. wealth index, we performed a stepwise multivariate logistic regression (Table 3) . Although the prevalence of hypertension is not significantly influenced after adjustments for educational status and wealth index, lower akaike information criterion, and higher C-static indicates mild influence. However, for awareness, treatment, and control both appear important with significantly lower akaike information criterion and greater C statistic. The decline in akaike information criterion and increase in C statistic are much more after adjustment for education than for wealth indicating greater influence of education than wealth in hypertension awareness, treatment, and control in our cohort (Table 3) .
DISCUSSION
This study shows that there are large variations in prevalence of hypertension within South Asia. Prevalence is significantly greater among study participants in urban locations, among older individuals and those with greater wealth, higher educational status, and lower social capital. Hypertension awareness, treatment, and control are low, similar in men and women, and significantly lower in rural and younger participants and those with low household wealth and educational status. Low educational status is a stronger marker of low hypertension awareness, treatment, and control as compared to wealth index while there is no association with social capital index. We did not evaluate health policy issues as well as other socioeconomic markers of low hypertension treatment and control such as availability or access to treatment, provision of free medicines, out of pocket expenses, costs of drugs, or health insurance status, and so cannot comment on their relevance.
World Health Organization has reported that hypertension prevalence is the highest in low and lower-middle income countries as compared to upper-middle and highincome countries. 1 In this report, prevalence of hypertension was more in African countries compared to South Asian, American, and European countries. In the PURE study, we observed that South Asian countries the lower burden of hypertension as compared to other countries in Asia, Africa, Europe, and North and South America. 15 Global Burden of Diseases study has reported that high BP is the most important risk factor for global mortality and bulk of hypertension-related mortality occurs in 5 of the most populous countries of the world-China, India, Russia, Pakistan, and Indonesia. 2, 3 There are large variations in hypertension awareness, treatment, and control globally and a study reported that awareness and treatment status were the highest in USA and other high-income countries and lower in lower-middle income countries of Europe, Central Asia, and Africa. 1 Limited data are available from South Asia where high BP is estimated to cause to more than a million deaths annually. [20] [21] [22] Our study shows that despite a hypertension being the most important cause of cardiovascular diseases in this region there is low hypertension awareness and extremely low hypertension treatment and control. South Asian region is the most populous in the world and our data, which may be nationally representative, 16 show a poor status of hypertension management. The treatment and control rates in our study are similar to other lowermiddle income countries and South East Asian countries in the PURE study. 15 For example, in Malaysia hypertension awareness, treatment, and control was in 48.2%, 42.8%, and 12.8% while in China was in 41.6%, 34.4%, and 8.2%, respectively. 15 Social differences in hypertension treatment and control has not well been studied in South Asia. 23 In South East Asian countries, in PURE study, hypertension prevalence was more in low socioeconomic status subjects in contrast to the present study in South Asians. Educational status-related gradients were similar. 15 There are no studies that have reported association of various socioeconomic indicators with hypertension treatment and control. 24 Multiple reasons are associated with better hypertension awareness and include national health and education policies and health services-related factors. In the PURE study, we have reported that despite a lower prevalence of risk factors in low-income countries (India, Bangladesh, Pakistan, and Zimbabwe), as assessed by INTERHEART Risk Score, incidence of major cardiovascular events (acute coronary events, strokes) and coronary heart disease mortality was greater. 25 This suggests that the higher cardiovascular death rated may be due to lack of adequate health care facilities, inferior primary prevention (smoking cessation, hypertension and diabetes management, and lipid control) as well as poor disease management. 26 The present study confirms poor hypertension treatment and control status in the South Asian countries involved in PURE study. Hypertension management is a marker of overall cardiovascular risk factor management, 1 and could be a marker of robustness and strength of health systems. World Health Organization and United Nations has targeted 25% reduction in noncommunicable mortality by 2025 (25 × 25 strategy) and has focused on hypertension prevention and management as an important means to achieve this target. 27 Our results indicate that it is important to improve hypertension treatment and control status in this region in order to achieve these targets.
We have also shown lower status of hypertension treatment and control in rural populations in South Asian region. This finding implies that there are issues of access to healthcare, especially in geographically large regions such as Rajasthan in India, Dhaka in Bangladesh, and Karachi in Pakistan. Previous studies on healthcare access and utilization in low and lowermiddle income countries have reported multiple social and economic barriers. 23 A qualitative study among rural women with hypertension in India highlighted problems of access and costs and also highlighted use of more expensive medicines by physicians. 28 Similar studies in urban patients with hypertension in India and Pakistan reported lack of family and peer support, financial issues, lack of understanding of nature of disease, and physician inertia as factors responsible for low adherence to antihypertensive treatment and poor control. 29, 30 We have not inquired regarding these factors although social capital index, which is a sum of many factors mentioned here, does not shows significant correlation. The lack of correlation of social capital index with hypertension treatment and control could be due to the fact that we used limited number of social factors for estimation of social capital index in our study as compared to the previous reports 18 or lack of sensitivity/ specificity of this measure in South Asian context. Better measures of this index are needed.
Low household wealth index has emerged as an important determinant of poor hypertension control. The absolute difference in low vs. high wealth index tertiles in hypertension awareness (26.2 vs. 50.6), treatment (16.9 vs. 44.1), and control (6.5 vs. 17.3) are greater that difference in low vs. high educational status (Figure 4 ). On the other hand, multivariate analysis shows that educational status is a slightly better marker of hypertension awareness, treatment, and control. Lack of affordability of medicines for secondary prevention of coronary heart disease has been highlighted in the PURE study earlier. 31 The present study, in addition, shows the importance of educational status as marker of better hypertension management and indicates that improving wealth and educational status may be the pathway for its improved management. Substantial investments in improving economic status as well as literacy in South Asian region along with universal health care could facilitate better management and control of hypertension (and other noncommunicable diseases) in this region. 32, 33 Although our study failed to show relationship of social support in hypertension treatment and control, a study in Brazil reported better hypertension control using family health teams. 34 Organized programs for hypertension control that have been recommended by various international 35 and national agencies. 32, 36 The Lancet Commission on Hypertension has called for a life-course strategy for hypertension control, especially in low and lower-middle income countries. 37 Towards this end, the Commission identified 10 essential and achievable goals and 10 accompanying and synergistic key actions. The key actions include focus on better lifestyle and environmental changes for prevention of hypertension and its complications, improved BP diagnosis and evaluation for secondary hypertension, focus on pharmacological prevention and better monitoring of patients, and capacitating health care systems for hypertension control. We believe that rather than having a very broad-based utopian approach there should be focused intervention using limited tools. 36, 38 Some of our proposals focus on public education for healthy lifestyle, population screening for BP measurement, lifestyle changes, and low-dose combination pharmacotherapy (Table 4) . These should be implemented as part of an integrated approach to improving cardiovascular health in South Asia. Focus on social determinants of health such as better education and eradicating poverty is essential. 39 Our study has limitations as well as strengths. We have studied only a few regions of the South Asian continent and the data are not regionally or nationally representative, although as we have reported earlier that the PURE cohorts appear to be similar in demographics and mortality to that reported nationally. 16 We have reported lower hypertension awareness, treatment, and control in lower age groups but we did not include subjects <35 years. On the other hand, inclusion of this age group would increase the magnitude of our findings. We did not evaluate multiple socioeconomic factors highlighted above as well as macro-level social determinants of health and this is an important study limitation. On the other hand, this is one of the largest studies of hypertension prevalence in South Asia and also provides information on important determinants of awareness, treatment, and control.
In conclusion, this study shows that hypertension is common in South Asia, with large regional variations in hypertension awareness, treatment, and control. However, the rates of awareness, treatment, and control are low among the rural, the poor, and less educated individuals. Focus on these vulnerable groups to better control hypertension in this region using selected strategies listed here (Table 4) is urgently required to reduce cardiovascular disease morbidity and mortality in South Asian countries.
SUPPLEMENTARY MATERIAL
Supplementary data are available at American Journal of Hypertension online.
ACKNOWLEDGMENTS
The main PURE study and its components are funded by the Population Health Research Institute, the Canadian Table 4 . Strategies for hypertension control in South Asian region suited for low educational status and low wealth index patients
Strategy Examples
Bureaucratic approach • Enhanced political focus on noncommunicable diseases
• Development of health systems especially in underserved urban and rural areas
• Healthcare financing for universal health assurance
• Health systems enhancement for chronic disease care
• Low-cost medications and uninterrupted supply
• Healthcare provider education and training
Lifestyle factors • Focus on reducing high salt in diet, reducing alcohol consumption, weight reduction, and greater physical activity through population-based approach
• Smoking/tobacco use cessation for overall risk reduction
Opportunistic screening • Screening for hypertension among all adults by health care workers at every encounter at all levels of care (universal opportunistic screening)
• Measurement of BP in adults once a year by trained nonphysician healthcare workers during home visits in rural and urban areas 
